8 • A global-to-Cartesian (G2C) EM modeling tool was developed to account for ef-9 fects in long-period responses from local bathymetry 10 • Model studies using the G2C tool show that local bathymetry dramatically influ-11 ences responses at island geomagnetic observatories 12 • G2C makes it possible to explain anomalous behavior of the observed responses 13 at island observatories Abstract 15
and explore lateral variability of the recovered 1-D mantle structures. The challenge here 2 Methods 77 2.1 Conventional IE approach 78 In the frequency domain and for a given 3-D conductivity model of the Earth, σ, 79 and a given source, j ext , the electric, E, and magnetic, H, fields obey Maxwell's equa- 
where i = √ −1, µ 0 is the magnetic permeability of free space and ω angular frequency. 82 For global (spherical) and local (Cartesian) problem setups, r = (r, θ, φ), and r = (x, y, z), 83 respectively. Displacement currents are neglected in the considered period range, and 84 the Fourier transform convention e −iωt is adopted. Note, that hereinafter the dependence 85 of the fields on ω is omitted but implied. 86 Within an IE approach eqs (1)-(2) are reduced to the IE with respect to the elec-87 tric field:
where V 1 is the region in which ∆σ = σ − σ 0 = 0, σ 0 is the background 1-D conduc-89 tivity distribution, E 0 the background electric field, and G ej 1D the "electric" dyadic Green's 90 tensor [Kuvshinov and Semenov , 2012; Kruglyakov and Bloshanskaya, 2017] . 91 After solving eq. (3), the electric and magnetic fields at any location r are calcu-92 lated as:
where H 0 is the background magnetic field, and G hj 1D is the "magnetic" dyadic Green's 94 tensor. Similarly as for the fields, the dependence of Green's tensors on ω is omitted but 95 implied.
96
In the most of IE solvers, Figure 1 . Setup for the global-to-Cartesian approach. V 1 is discretized by a coarse grid in spherical coordinates and V 2 is discretized by a fine grid in Cartesian coordinates.
Global-to-Cartesian (G2C) approach 110
The idea behind the approach is as follows. The whole (global) modeling domain,
111
V 1 , is divided into two parts: a local domain of interest, V 2 , and its complement, V 1 /V 2 , 112 as shown in Figure 1 . Then eq. (3) can be rewritten as:
This equation is a basis of the G2C approach. Specifically, V 1 is discretized by a coarse 114 grid, and a global IE solver is utilized to compute "global" fields, E (g) and H (g) , in V 1 .
115
In this paper we use the X3DG code to compute E (g) and H (g) . Then, V 2 is discretized 116 by a fine grid, and a Cartesian IE solver is exploited to compute "Cartesian" fields, E (C) and H (C) in V 2 . In particular, eq. (6) for E (C) reads:
After solving eq. (7), the electric field is calculated at any location r ∈ V 2 as:
The magnetic field at any location r ∈ V 2 is calculated similarly. Here, the quantities 121 with superscripts (g) and (C) denote those calculated using global and Cartesian IE solvers, sian (fine) grid. In our implementation of G2C approach the Mercator projection is ex-124 ploited; for further details on this projection the reader is referred to Snyder [1982] and where a is the mean Earth's radius, and r a = (a, θ, φ). To explore OIE in the responses 141 we use a conductivity model which consists of a 1-D mantle overlaid by a surface thin 142 shell of known laterally-variable conductance. For the periods considered in the paper 143 -from 2.9 days to 83.2 days -the penetration depth varies approximately from 400 km 144 to 1200 km, which is much larger than the depth of the oceans; thus, the surface thin 145 shell of laterally-variable conductance is an adequate approximation of the nonuniform 146 distributions of conductive oceans and resistive landmasses which are responsible for the 147 OIE. To verify this, we calculated the responses in full 3-D models (not shown in the pa- sults. Thus, we conclude that both global and local structures must be taken into ac- 223 C obs,corr (r a , ω) = C obs (r a , ω) · C 1D (r a , ω) C 1D+shell (r a , ω)
.
Corrected responses were then inverted in terms of 1-D conductivity distribution. An 
